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THEEFFECTOFTHESPERRYMESSENGERFUSELAGEoNmz
AIRFLO\VAT T~ propellerPLANE.

By FredE. Weick.

Summary

Inorderto studytheeffectof thefuselage,landinggear,

and engineon theairflowthroughthepropeller,a surveywas

made in theplaneof theSperryMessengerpropellerwiththepro-

pellerremoved.Thetestsweremadein the20-footairstream

+ of thepropellerresearchtunnelof theNationalAdvisoryCom-

mitteeforAeronauticsat LangleyField,Virginia.Thevariation. .-
of thevelocitywithdistancefronthecenterinthepropeller

planewasfoundtobe appreciableandwellworthconsideration

in thedesignofpropellers.Itwasalsofoundthatthevelocity.
throughthepropellerplanewasaffectedby thepresace of the

engine,andthatthevelocityinfrontof thelandinggearwas

lowerthanthatat othe~pointsin thepropellerplanehaving

the sameradius.

Introduction

Propellersas usedon aircraftareusuallymounteddirectly

in frontof orbehinda bodyof somekind. Thepresenceof the
e body influencestheairflowthroughthepropellerandconsequent-

b ly affectsthehorsepowerabsorbedby thepropellerand thepro-
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pulsiveefficiency.In orderto designa propellerhavingthe

highestobtainableefficiencyfora givens-etof conditionsa

knowledgeof theairflowthroughthepropelleras affectedby

thebodyis necessary.Thiseffecthasnotbeendefinitelyknown,

and hasbeena sourceof errorin thedesignofpropellers.

Consideringtheairflowpastan ordinarytractorfuselage

withoutthepropellerinplace,thevelocityof theairat the

noseof thefuselagevariesconsiderablywiththeradialdistance

fromthecenterof thencse, If thevelocityat eachradiusis

known,eachseotionof thepropellercanbe designedfortheve-

locityat itsparticularr~liusc

* In thepresenttesrsjwhichweremadein thepropellerr-

searchtunnelof thel?at~oaalAdvisoryCommitteeforAeronautics.
at LangleyField,Virginia,theairflowwas exploredinthepro-

pellerplaneof a SperryMessengerairplanewithoutthepropeller‘

in place.Thisairplanewasusedbecauseithadalreadybeen

mountedinthetunnelforpropeller

tendedtomakesimilarsurveyswith

tunnelforothertests.

experiments,and it is i~

allairplanesmountedinthe

MethodsandApparatus

Thepropellerresearchtunnelisan openjetwindtunnelwith

an air streaq20 ft.indiameter,inwhichvelocitiesup to 110

. M.P.H.areobtainable.A detaileddescriptionof thetunnelwill

be publishedin thenearfuture..
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airplanewasmountedin thetunnelas shown

The wingsandtailsurfaces

eredforprevioustests.A

thepropellerbosswasheld

hadbeenremovedandthe

cylindricalwoodenblock

betweenthestandarahub

,abar havingsevenPitotstatictubeswasmountedon

3

inFigure1.

cockpitco”v-

repfesenting

flanges,and

it Yadialty.

In thephotographthisbar is shownprojectingverticallyupward.

The dynamic

fluencedby

bratethem,

at thesame

pressureindicatedby thesePitotstatictubesis in-

theinterferencedueto thebar. In orderto cali-

a standardPrandtltubewasmountedo~osiketoand

radi~ as Pi~otttibeNo. 5 of thebank. Thus,when ‘

thebankrandownwardthePraadt~tubew~~tipandviceVersa;
b and readingsat theNO*5 paint,bothUp L%nddown;weremadewith
b both thePrandtltubeandNo. 5 of thebank. itwasfotindthat

the correctdyn~ic pressureas indicatedby thePrandtltube

averaged6.9per centhigherthanthatindicatedby tubeNo.5

of the-bank,andallof thereadingsobtainedfromthetubesin

thebarwerethereforemultipliedby thefactor1.069. Thisfac-

torwas checkedina calibrationtestinanotherwindtunnelfor

PitottubesNo. 5 and6 of thebank.

Thedynamicpressurewasmeasuredby meansof a standard

N.A.C!.A.micro-manometerat groundlevel,simultaneouslywiththe

equivalentfreeairspeed(i.e.,thevelocityof theairoutside

the influenceof the“oody).

* RunsweremadewiththePitotbankverticallyupward,hori-

. zontallyto theleft,andverticallydownward.The3-cylinder



radialenginewas

holesin tinenose

thbntao~l?dand thecylinderand carburetor

cowlingcoveredsmoothlyby meansof sheet

metal,chrrying.outtheshapeof thenose,andtheaboveruns

repeated.

In thefirstrunsthereadingsweretakenat variousair

speeds;bu+whenitwasfoundthattheratioof thevel~ciiyat

anypointtotheequivalentfreeairvelocitywas constantfor

al{lthespeedsin thetests,theremainingrunswereallmadeat

about75M.P.H.

ReSU1ts

Themethod
!.

whichshowsthe

* velocityinthe

ofplottingtheresultsis illustratedinFig.3,

noseof thefuselagewitha diagramof theair

planeof thepropeller.Thepositionof the

standardpropellerfortheSperryMessengerairplaneis indicated

by dottedlines.As canbe seenfromthediagramthevelocity

5s muchlowerat thecenterthanat theradiusof thepropeller

tips,andthatevenat tiletipradius,it isa littlelowerthan

thefreeairvelocity.Alsothevelocitynearthetipsislower

for thedownpositionthanfortheup position,thisevidently

beingdueto thedragof thelandinggear. Figure4 showsthe

relativevelocitiesin theverticalandhorizontalplanesmore

accurately.Itwillbe noticedthatinsidethe20-inchradius

thelowestvelocityisat thetopdueto theproximityof the
. uppercylinderof theengine,butat greaterradi’ithelanding

● gearandsupportscausethelowestvelocityto occurat thelower



* i!.A.C.A,‘TechnicalNoteNO. 274 5

+ portionof thepropellerdisc. At thetipradiusthevelocity

variesabout3 percentfror.1toptobottom. Figure5 hasthe .—
same

been

curvesas Figure4 but forthefairednosewithoutengine.

Theaveragevelocityaroundthediscat eachradiushas

computedbot”~fortheengine& placeandfortheenginere-

moved,andtheresultsplotied’inFigure6. Theengineevidently

reducesthevelocityof theairabout5 per Cefitnearthehub

and 1 per centnearthetip.

Conclusions

velocitywithdistancefromthecenter

in thepropellerplane,dueto theproximityof thebody,isap-.
preciableandwellworthconsiderationin thedesignofpropel-

.
lers.
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l~,,ft4
Fig.4 Generalarrangementdrawingof SperryMessenger

airplane. “
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